Products from PCR and other nucleic acid amplification methods are often loaded into electrophoresis gels using pipet tips. The process of opening the post-PCR tubes and pipetting the products, as well as the subsequent gel handling, exposes the laboratory environment to PCR product contamination, representing a contamination risk for subsequent PCR reactions (1) (2) (3) (4) (5) (6) (7) (8) . To avoid PCR product contamination, many laboratories resort to cumbersome practices such as establishing dedicated areas for pre-and post-PCR steps (9) (10) (11) . Commercial sealed disposable gel electrophoresis systems, such as E-Gel from Life Technologies (Carlsbad, CA) and FlashGel from Lonza (Basel, Switzerland), can minimize this risk, but the loading step still requires opening the PCR tubes and pipetting the contents.
To develop a sealed gel loading system, we tested three designs of tube bottom puncture: (i) a piercing needle placed on the inside of a moveable tube plug, (ii) a long needle that first enters through the top of the tube, and (iii) an upward facing needle or pin positioned in the bottom of the gel well. Af ter puncture, pressure inside the tube is required to overcome surface tension and expel the typically small volume of liquid PCR products. This pressure can be generated by inward movement of the plug, the volume displaced by the needle passing through the tube, or by closing the cap on a press-to-close tube. Although all three designs worked, we chose the pin in the bottom of the well because it requires no modification to the PCR tube and process, and it avoids the complexity and cost of long disposable piercing needles.
The design and operation of the bottom puncture gel contamination control system (GelCCS) manifold is shown in Figure 1 . Because the pin must puncture the center of the bottom of the tube to avoid leaving liquid, a tube carrier is used to constrain the side-to-side movement of the bottom of the tube as it is pressed into the manifold. A small channel in the side of the pin allows passage of the liquid. An air vent is placed on the inside wall of each tube carrier receiving hole in the manifold. These holes are placed on 9 mm centers to allow the use of PCR tube strips. It may be possible to interleave 2 offset tube strips to allow the gel wells to be on 4.5 mm centers.
To permanently confine amplification products, the GelCCS system must be disposable and therefore manufacturable at a reasonable cost. The commercial viability of existing sealed gel electrophoresis systems suggests that if the added components (the manifold, tube carrier, and piercing pins) can be developed and manufactured at a reasonable cost, the GelCCS system could also be a viable product. The manifold could be molded as part of the gel casing, and the tube carrier could be manufactured at a similar cost as the pipet tips that are no longer needed for loading. Unfortunately, we could not identify a clear plastic that could be used for the casing that also has sufficient strength to pierce the bottom of PCR tubes. Therefore, the pins likely need to be made from stronger plastic (we used Ultem), possibly using a multistep molding process.
To be compatible with the GelCCS system, the PCR tubes must maintain the internal pressure generated by closing the cap and also be easy to puncture. Four brands of PCR tubes from different manufacturers were A gel electrophoresis loading system to prevent laboratory contamination by amplification products Pipet tip loading of polymerase chain reaction (PCR) and other amplification products into an electrophoresis gel represents a potential source of laboratory contamination. We have developed a prototype of the gel contamination control system (GelCCS) that enables gel loading by bottom puncture of PCR tubes. Puncture occurs within a sealed gel casing, preventing contamination of the surrounding environment. The system was designed for inexpensive manufacture so that after the results are visualized, the gel casing and PCR tubes are discarded intact with the amplification products sealed inside. We demonstrate that gel loading is reliable and that the resulting bands are equivalent in appearance to manually loaded gels.
Benchmarks

METHOD SUMMARY
A prototype system was developed to allow transfer of the contents of polymerase chain reaction (PCR) tubes into the wells of an electrophoresis gel via bottom puncture of the tubes. The resulting gel bands appear equivalent to bands that were loaded with a pipet tip. When combined with a sealed electrophoresis system, this approach has the potential to eliminate gel electrophoresis as a source of laboratory contamination by amplification products. tested by adding 20 µL PCR buffer to each tube, closing the lids so as not to damage the seal, thermocycling (94°C for 2 min, then 32 cycles of 95°C for 5 sec, 60°C for 10 sec, and 72°C for 30 sec) with a heated instrument top closed with slight to modest pressure, removing the tubes so as not to disrupt the seal, and then puncturing the tube bottoms with a steel hypodermic needle. More than 90% of the liquid emerged from each of 72 samples of AxyGene PCR-02-L-C tubes (Corning, Union City, CA), even if the tubes were incubated at 0°C or 42°C before puncture, but no liquid emerged from more than half of the samples of every other type of tube tested. We demonstrated that liquid did not emerge from the AxyGene tubes if they are first pierced on the side, suggesting the failures of the other tubes is due to internal pressure loss before bottom puncture. It may be possible to regenerate pressure in post-PCR tubes by squeezing the sides. The four brands of PCR tubes were puncture tested using the Ultem plastic pins from our prototype. Sorenson 16950 tubes (Sorenson BioScience, Salt Lake City, UT) were easily punctured, leaving on average less than 2.5 µL remaining in the tube, but the AxyGene tubes were more difficult to puncture and typically trapped 4 to 5 µL around the base of a conical feature surrounding the hole extruded during puncture. The other brands of tubes were more difficult to puncture and often caused failure of the Ultem tip. Examination of tube cross sections indicates that puncturing difficulty correlates with thicker plastic. Because no single brand of PCR tube met both GelCCS needs, we trimmed a small portion from the bottom of the AxyGene tubes. More ideal PCR tubes could be manufactured for the GelCCS system, possibly allowing for a different piercing pin design.
To demonstrate the compatibility of the GelCCS system with a sealed electrophoresis gel, a working prototype was constructed (Figure 2A ) containing a pin rack and manifold attached to a gel casing with two vented electrode compartments. To minimize the effect of ion depletion during electrophoresis, additional salts were added by placing casting spacers in the electrode compar tments, casting the resolving portion of the gel with 1× TAE buffer, 2% agarose, and 0.00025% ethidium bromide; removing the spacers; and then casting the electrode portion with 25× TAE buffer, 2% agarose, and 0.00025% ethidium bromide. Eight PCR reactions were performed (as described earlier) and then resolved ( Figure 2B ). Upon visualization on an UV light box, slight "comet tails" can be seen, but otherwise the bands appear equivalent to those from a standard electrophoresis gel. Equivalent results were obtained from four experimental replicates, demonstrating that GelCCS performance can be robust. The loading efficiency of bottom puncture appears to be very similar to pipet loading based on band intensity and minimal dye-colored sample remaining in the tube and gel well. As an additional benefit, the GelCCS system is faster and easier to load because no pipetting is required.
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